ABSTRACT Infrared, optical, and radio observations are described of an unusual compact infrared source discovered during the AFCRL survey. It is suggested that the object may be a planetary nebula seen at an unprecedentedly early phase in its evolution . . Subject headings: infrared sources -planetary nebulae
I. INTRODUCTION Bill Westbrook, a graduate student in the Caltech infrared astronomy group, was engaged during 1972 on a study of previously unidentified sources from the AFCRL catalog. On 1975 June 4, while this paper was in press, he died at the age of 26 after a serious illness. The paper is a report of ground-based infrared, optical and radio studies of the most interesting of his sources, CRL 618.
II. OBSERVATIONS a) Identification and Diameter of Infrared Source
The Air Force Cambridge Research Laboratory rocket-borne infrared survey at 4, 11, and 20 µ.(Price and Walker, private communication) contains a number of previously unidentified sources. The source CRL 618 is a bright infrared object which appears to be associated with a pair of small visual nebulosities each of which has a diameter of 2"-3". The eastern visual component appears circular and 3 or 4 times brighter than the western component which is irregular. The fainter visual object is 7" ± l" west and within 1" in declination of the brighter component, and the infrared source lies between the two visual features. On the red Palomar Sky Survey plate (see Fig. 1 ) both objects appear stellar and isolated from other regions of nebulosity.
The absolute position of the infrared source, measured with respect to nearby field stars, is (1950.0) a:= 4h39m33~8 ±OH, 8 = 36°1'15" ± l".
In addition, the position of the infrared source was determined at the 200-inch (5 m) Hale telescope with a II Mullard Radio Astronomy Observatory, Cavendish Laboratory, Cambridge, England.
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2" aperture to be 3" ± l" west and within l" in declination of the bright eastern visual nebulosity. The galactic coordinates of the object are zn = 166?5, bII = -6?5.
Spatial scans of the infrared source were made in a north-south direction on the 200-inch telescope at 11.2 µ. (Li,\ = 1.5 µ.) with a 0':5 x 4" slit aperture.
These scans show that the source is extended with the best fit to a Gaussian source profile having a full width at half-maximum diameter of0~4 ± 0':2. Observations with a 24" aperture and 64" chopping spacing showed no evidence of any low-brightness halo at either 10 µ. or 20 µ., or of more than one infrared source.
b) Infrared Photometry and Spectroscopy
Infrared observations were carried out on several nights in 1973 and 1974 at the Mount Wilson 60-inch (1.5 m), the Hale 200-inch, and the Mauna Kea 88-inch (2.2 m) telescopes using conventional infrared photometers. A summary of broad-band infrared measurements is given in Table 1 ; Figure 2 shows a plot of the object's energy distribution. With a diameter of 0~4, the object's 10-µ. brightness temperature is 225 K; the color temperature implied by the data of Figure 2 is 275 K, and the emissivity at 10 µ. is thus on the order of 0.3. Figure 3 shows the 8 to 13 µ.spectrum of the source obtained with a 22" beam during 1973 December using •Vega has mag= 0.0. Table  3 . In cases where more than one line contributes to a given channel, the photographic spectra were consulted. In addition to lines seen on the photographic spectra, the spectrophotometry shows emission of [C I] ,\,\9823, 9849; P8 ..\10049; and [S II] ,\..\10287, 10320, 10338, 10373.
d) Optical Polarimetry
Crude measurements of the visual polarization of the object were obtained in 1974 November using a 7" aperture with an unfiltered Sl 7 photocathode at the 100-inch (2.5 m) Hooker telescope on Mount Wilson. These measurements were repeated at the 200-inch Hale telescope in 1974 December, when a 10" aperture and a filter and photocathode approximating the V photometric band were used. The measurements agree, and the polarization observed was 21 ± 2 percent with the electric vector in position angle 0° ± 6°; i;e., the electric vector is directed along the north-south direction. The position angle was determined only from the geometry of the telescope and instrument. The observations were centered on the bright visible object, but the seeing and sky conditions were such that the fainter object could not be seen as a separate object. The data might therefore contain some contribution from the fainter object. as described by Ryle (1972) . An area ± 38" in declination and ± 30" in right ascension centered on the ·····. ....
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Log v (Hz) 8 ······ .. facts that the spectra of the two nebulous objects are similar and that the direction of the polarization vector is compatible with illumination by a central obscured object at the position of the infrared source. The geometry is therefore very similar to that proposed by Ney et al. (1975) for CRL 2688, an infrared source associated with a nebula in Cygnus. This object differs from CRL 2688, however, in showing strong emission lines characteristic of an ionized gas. Models with similar geometries have also been suggested for some of the Herbig-Haro objects by Strom et al. (1974) and for Ml-92 by Herbig (1975) .
The measured H,8 flux density can be used to derive an upper limit to the angular size of the ionized region. It is shown below( § IIIb) that the emission-line fluxes as measured from the Earth are reddened by about Av = 3.5 mag. Furthermore, because of geometric, solid angle, and albedo effects in the reflection nebulosity, not more than one-third of the H,8 photons produced in the ionized region will be reflected toward the Earth. The measured H,8 flux density, corrected for these factors corresponds to a free-free flux density at 5 GHz of at least 30 x 10-29 W m-2 Hz-1, which is greater than the observed upper limit at this wavelength. It can therefore be deduced that the H II region is self-absorbed at 5 GHz, that its angular diameter is less than 0''.25, and that its emission measure is in excess of 10 8 pc cm-6 (Mezger and Henderson 1967) . These calculations were made using the data of Pengelly (1964) and an assumed electron temperature of 20,000 K ( §Ilic). Fro. 4.-0ptical spectrum of the object made with the 32-channel spectrophotometer. Points without error bars have errors less than 103.
two thinner regions of dust to each side. Although drawn as separate regions in Figure 5 , the infrared source, the obscuring region, and the reflection nebulae are probably all part of the same dust cloud. The shape of this cloud is uncertain, though the suggestion by Ney et al. (1975) (in the context of CRL 2688), that the obscuring cloud is in the form of a toroid with its axis along a line joining the two reflection nebulosities, is attractive from the point of view of symmetry.
b) Extinction
The fact that all the visible light is seen by reflection makes it very difficult to estimate the extinction toward CRL 618. Because reflection nebulae are generally bluer than their illuminating stars, we may assume that any extinction derived on the basis of the apparent colors of the object is a lower limit to the correct value. Miller (1968) their ratio should be 0.55, whereas the value measured for the source is 19, corresponding to an absorption Av of 3.7 mag. This value of Av would be an overestimate if part of the intensity attributed to the infrared lines is actually from [N 1] .\10400 (see below). We have adopted a mean value of Av = 3.5 mag for the absorption to the emission-line region.
The optical continuum data may also be used to estimate extinction. The continuum is too strong compared to HfJ to have been produced by transitions in the ionized gas alone, and moreover does not show significant Balmer or Paschen discontinuities. The continuum is therefore presumably dominated by reflected starlight. The star must be a B type or earlier in order to produce an H 11 region, so its intrinsic energy distribution over the wavelength range in Figure 4 is close to a Rayleigh-Jeans law. The extinction to the continuum source calculated by this method on the assumption of a Whitford law is 4. 7 ± 0.4 mag, in excess of the extinction to the emission-line region . This result is interpreted as indicating the presence of some dust within the ionizing region. The amount of dust within the ionized region is equivalent to about It is not possible to tell whether the remaining extinction arises in the general interstellar medium or in the vicinity of the source.
It is important to realize that none of the data presented here require extremely large amounts of dust. In fact, the absence of a silicate absorption feature is compatible with a visual extinction Av ,.., 5 mag in the line of sight to the infrared source (Rieke 1974).
c) Physical Conditions in the Ionized Region
The electron temperature T. and electron density N. have been derived from optical emission-line intensity ratios. We use predicted ratios as a function of T0 and The presence of strongly forbidden ,\5199 emission of [N 1) requires that it originate in a region of lower density than that derived above. Using collision strengths derived by Henry and Williams (1968) , we find a predicted ratio /(10400)//(5199) of the order of 2 x 10-4 N 0 • The [N 1] ,\10400 emission cannot be resolved from the [S II] emission at somewhat shorter wavelengths. Perhaps up to one-third of the emission, which in Table 3 has been assigned to [S n], could be contributed by [N 1). In that case /(10400)//(5199), corrected for interstellar extinction, is at most 0.4 and hence N. < 2 x 10 3 cm-3 • In summary, then, there is evidence for the presence of regions with a large range of electron density, at least from 10 3 to 10 5 cm-3 •
d) The Luminosity and Temperature of the Exciting Star
Little is known about the distance to the object. Since the radial velocity of the source with respect to the local standard of rest is -50 km s -1 , it is extremely probable that it lies within the Galaxy. Its comparatively high galactic latitude and its location toward the anticenter (!II= 166?5, bII = -6?5) make it unlikely that the object is more than 5 kpc from the Sun.
If the dust cloud surrounding the star is assumed to be optically thick at visible wavelengths, then the measured infrared bolometric luminosity may be equated to the bolometric luminosity of the star itself. Integration of the energy distribution in Figure 2 leads to the conclusion that the luminosity of CRL 618 shortward of 40 µ. is 5 x 10 3 R 2 L0 , where R is the distance in kpc. Allowance for radiation longward of 40 µ., assuming a blackbody temperature of 275 K, raises this to 6 x 10 3 R 2 L0 • An approximate estimate may be made of the temperature of the exciting star by comparing its apparent magnitude with the H,8 flux from the compact H n region surrounding it. Since, ignoring for the time being the presence of dust within the H II region, the H,8 flux in an ionization-bounded nebula is proportional to the number of ionizing photons produced by the central star, the quantity
is a crude ultraviolet to visual color index which is a function mainly of the surface temperature of the exciting star. The quantity Y is obviously independent of the distance to the source; and, since the wavelength of H,8 is close to that of the V-band, it is independent of the fact that the star and nebula are seen only by reflection, and nearly independent of reddening exterior to the ionized region. The quantity Y is, however, dependent on the amount of dust within the ionized region, as discussed below.
The quantity F(H,8) is given in The presence of dust within the ionized region, which has been demonstrated for this source in § Illb, complicates the calculation considerably. Since the H,8 flux is proportional to the rate of ionization, it is attenuated by an amount corresponding to the absorption by dust of Lyman continuum radiation. So long as the dust particles are smaller than about 0.5 µ., therefore, the presence of dust within the ionized region attenuates the H,8 emission more than the stellar visible emission. The estimate of the stellar temperature (32,000 K) obtained above is thus a lower limit to the true stellar temperature, although there are too many uncertainties to allow a quantitative correction to be made. The absence of strong helium lines in the spectrum of the H II region is interesting in this context; either the stellar temperature is too low to ionize helium or else the dust is selectively absorbing the shortest wavelength ultraviolet photons (Mezger et al. 1974 ).
e) The Nature of the Object The fact that the central star of the object is so intimately associated with a dust cloud indicates that it is probably at either a very early or a very late stage in its evolution. The former seems unlikely for two reasons. First, the object appears isolated from other clouds of gas or new stars; second, since a pre-mainsequence object should lie on or above the main sequence, the intrinsic luminosity of this object (given T* ~ 32,000 K) would be greater than 3 x 10 4 L0 and its distance from the Sun greater than 2.5 kpc. This would put the object at least 280 pc from the plane, which is large for what should be an extreme Population I object.
We prefer the hypothesis that CRL 618 is some kind of planetary nebula at a smaller (but unspecified) distance from the Sun. In this way we can explain the high temperature of the star, the presence of a somewhat symmetrical cloud of gas and dust, the emission lines, and the isolation of the object. CRL 618, if a planetary nebula, is unique among such objects in being severely dust-bounded. Absorption of stellar ultraviolet radiation has been detected in other planetaries, such as NGC 7027 (Becklin et al. 1973) , but in that case the optical depth of the dust grains was an order of magnitude less than here. The high electron density, compact nature, and especially the large dust optical depth all suggest that CRL 618 is an extremely young planetary nebula, perhaps still in the process of formation. Without a distance to the object we hesitate to quantify this proposal, but suggest instead that searches be made for molecular emission from the neutral gas which may surround the source.
